The aim of this study was to clarify the role of microembolization in the genesis of microvascular obstruction (MO) after percutaneous coronary intervention (PCI). BACKGROUND Fifty consecutive patients entered the myocardial contrast echocardiography (MCE) substudy of the REMEDIA (Randomized Evaluation of the Effect of Mechanical Reduction of Distal Embolization by Thrombus Aspiration in Primary and Rescue Angioplasty) trial, which defined the role of a new thrombus-aspirating device in preventing distal microembolization after PCI.
Despite optimal recanalization of the infarct-related coronary artery by percutaneous coronary intervention (PCI), microvascular perfusion may be largely impaired in a substantial number of ST-segment elevation myocardial infarction (STEMI) patients. Distal embolization is one of the mechanisms responsible for post-PCI microvascular obstruction (MO) (1) .
We and others have recently shown (2, 3 ) that use of a thrombus-aspirating device during PCI significantly improves the angiographic and electrocardiographic evidence of myocardial reperfusion. To demonstrate the potential benefit of thrombus aspiration at the microvascular level, a subgroup of patients enrolled in the REMEDIA (Randomized Evaluation of the Effect of Mechanical Reduction of Distal Embolization by Thrombus Aspiration in Primary and Rescue Angioplasty) trial underwent myocardial contrast echocardiography (MCE) evaluation.
MATERIALS AND METHODS
Study population. Consecutive patients referred to our institution between January and November 2004 for primary or rescue PCI within 12 h of onset of STEMI entered the REMEDIA trial. After enrollment and before coronary angiography, patients were randomly assigned 1:1 to undergo either standard PCI or PCI with thrombus aspiration according to a computer-generated random series of numbers. The first 50 consecutively randomized patients entered the MCE-REMEDIA substudy. The ethical committee of the Catholic University of the Sacred Heart approved the study, and all patients gave informed consent to participate in the study.
Angiographic methods have been previously described (2) . Briefly, in patients randomized to standard PCI, after crossing the target lesion with the guidewire, direct stent implantation was attempted if judged possible by the operator, whereas in the remaining cases, predilation with an undersized balloon was used before stent implantation. In patients randomized to manual thrombus aspiration, after placement of the guidewire, stenting was preceded by thrombus aspiration by Diver CE (Invatec, Brescia, Italy). All patients were treated with heparin, aspirin, clopidogrel, or abciximab according to conventional protocols (2) . MCE. Conventional echocardiogram and MCE were performed in all patients within 24 h (19.9 Ϯ 12.3 h) of coronary recanalization, at 1 week, and at 6 months.
Myocardial contrast echocardiography studies were performed using real-time contrast pulse sequencing operating on a Sequoia ultrasound system (Siemens, Malvern, Pennsylvania). Contrast pulse sequencing is a novel real-time MCE method that, thanks to the analysis of non-linear response of contrast bubbles in fundamental and higher harmonics, is able to provide an image with excellent signal-to-noise ratio and with particularly high sensitivity and penetration using a very low mechanical index (Fig. 1) . A second-generation ultrasound contrast agent Sonovue (Bracco, Milan, Italy) was administered intravenously (5 ml at 1 ml/min). Data analysis. Coronary angiograms were reviewed offline by 2 expert interventional cardiologists as previously described (2) . Regional wall motion (WM) was semiquantitatively scored by 2 experienced blinded observers according to the recommendations of the American Society of Echocardiography (1 ϭ normal, 2 ϭ hypokinesia, 3 ϭ akinesia, 4 ϭ dyskinesia) and a wall motion score index (WMSI) was calculated by the sum of the score of all segments divided by the total number of segments. Functional improvement at 6 months was calculated as percentage change of WMSI at 6 months compared to 24 h. Left ventricular (LV) volumes were calculated by the modified Simpson biplane method. Temporal changes in LV volumes were calculated as the percentage changes at 6 months compared to baseline. Left ventricular remodeling was considered as an increase in LV end-diastolic volume Ͼ20% at 6 months compared to baseline. Ejection fraction was calculated from the formula: (end-diastolic volume Ϫ end-systolic volume)/enddiastolic volume.
Myocardial opacification at MCE was visually assessed in each of the 16 myocardial segments and semiquantitatively scored. Single perfusion score was assigned on the basis of both the change in myocardial signal intensity throughout the replenishment curve and the degree of opacification at the peak contrast effect (4). Scores were graded as 1 ϭ normal, 2 ϭ reduced, or 3 ϭ absent opacification. A Figure 1 . Example of myocardial contrast echocardiography images in 4-chamber view. Microvascular network reached by microbubbles is colored in orange, whereas the area of microvascular obstruction (MO) is shown in both images as a black area at the apex (within arrows). The MO area is larger in A (control group patient) compared with that in B (thrombus-aspiration group patient). 
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RESULTS
The study population comprised 50 patients with first STEMI, treated by primary or rescue PCI within 12 h of symptom onset. Clinical characteristics of the study population divided into thrombus aspiration and control patients are summarized in Table 1 . Extent of microvascular obstruction and myocardial dysfunction. At 24 h, 1 week, and 6 months, severity and extent of MO were consistently reduced in thrombus-aspirated patients as compared with control patients ( Figs. 2A and 2B ). In both groups, a significant reduction of CSI over time was observed at 1 week and 6 months, whereas CDL/LV length was reduced only in Group B (Fig. 3) . Similarly, at 24 h, 1 week, and 6 months, regional extent of myocardial dysfunction, expressed as WMSI (Fig. 4 , upper panel) or as WML/LV length % (Fig. 4, lower panel) , was significantly reduced in thrombus-aspirated patients as compared with control patients. In both groups, a signifi- 3, 2006:1355-60 nificantly better in thrombus aspiration as compared with control patients at each time point, and it further improved at 1 week and 6 months (Fig. 5C) .
In both the thrombus-aspiration and control groups tested separately, CSI at 24 h was linearly related to temporal changes in LV volumes at 6 months (r ϭ 0.3, p ϭ 0.04) and to functional improvement at 6 months (r ϭ 0.4, p ϭ 0.01).
DISCUSSION
Manual thrombus aspiration significantly reduces the severity and extent of MO 24 h after primary or rescue PCI. Accordingly, regional WM and ejection fraction are better in treated patients. However, both end-diastolic and endsystolic LV volumes were only slightly smaller in thrombusaspiration patients compared with control patients. On the other hand, in the overall population, the severity and extent of MO are linearly related with temporal changes in LV volumes, and the reduction in MO over time is inversely related to increase in LV volumes. Assessment of post-PCI perfusion at microvascular level. Mechanical reopening of thrombotic coronary occlusion by balloon angioplasty and stent placement is the most effective way to re-establish flow within the infarct area, thus limiting necrosis extent. However, this invasive maneuver is responsible for displacement of plaque and thrombus fragments that embolize distally. When the amount of displaced material is consistent, an abrupt obliteration of coronary branches may be recognized at coronary angiogram performed soon after successful PCI (1). However, coronary angiography is able to detect only microembolization responsible for the plugging of vessels with a diameter Ͼ100 microns, thus underestimating the phenomenon. Surrogate markers of microvascular perfusion, such as resolution of electrocardiographic elevation and myocardial blush grade, have been used to assess the efficacy of PCI at tissue level. In this study, we elected to assess post-PCI MO by MCE because this technique is readily available in our institution at patient's bedside in the coronary care unit, effective in the evaluation of MO, well tolerated by the patients, and easily repeatable to perform serial assessment (5) .
The results of this study demonstrate that post-PCI microembolization plays a significant role in the pathogenesis of MO, because aspiration of thrombotic material significantly reduces the severity and extent of MO. Temporal changes of microvascular obstruction and myocardial dysfunction. A collateral finding of this study is that, in both treated and control patients, MO progressively improves over time at 1 week and 6 months followup. This temporal change in MO extent is paralleled by similar temporal improvement of regional WM. These findings are in close agreement with the demonstration of dynamic changes of post-infarct microvascular damage characterized by a progressive reduction of MO at serial MCE evaluation (5, 6) . It is conceivable that temporal changes of MO are the result of progressive resolution of mechanisms that concur in the pathogenesis of post-PCI MO, such as microvascular spasm or reduction of tissue edema and microvessel compression or resolution of leukocyte plugging. Temporal reduction of myocardial dysfunction may be interpreted as the resolution of myocardial Figure 5 . End-diastolic volume (A) and end-systolic volume (B) at 24 h, 1 week, and 6 months in controls (white bars) and thrombus aspiration (black bars). Although a slight reduction in both volumes could be observed at each time point in thrombus aspiration compared with control patients, such differences did not reach statistical significance. (C) Ejection fraction at 24 h, 1 week, and 6 months in control patients (white bars) and thrombus aspiration (black bars). In thrombus-aspiration patients, at each time point, ejection fraction was significantly better compared with control patients (*p Ͻ 0.05 vs. control patients), and it further improved at 1 week and 6 months ( †p Ͻ 0.05 compared to 24 h).
